Abstract: This study aims to utilize the Decision-making Trial and Evaluation Laboratory (DEMATEL) approach to recognize the key performance evaluation indicators (PEIs) of green supply chain. Twenty indicators of performance evaluation with six dimensions were identified from literature review and interview with six experts come from two different groups which consists of practitioners and academic scholars respectively, each expert has drawn a directed graph between the twenty different performance indicators. By considering the interrelationships among these indicators, DEMATEL was applied to deal with the importance and causal relationships among the performance evaluation indicators of green supply chain management. Obtained results show that the top management commitment and support, green organizational culture, willingness towards investment, government support policy are four most significant PEIs for the success of GSCM. By identifying the structures and interrelationships, it can offer an insight for managers to understand cause-effort relationships and select the key PEIs which can be used to help them to improve GSCM performance.
Introduction
Given the growing environmental concerns during the past decade, a consensus is emerging that environmental damage due to commercial activities has reaped much importance amongst governments, practitioners and academics. Organizations today simply cannot ignore environmental issues if they want to survive in the global market [1] . As customers are becoming more environmentally conscious and governments are making stricter environmental regulations, the organizations need to reduce the environmental impact of their manufacturing activities [2] . But mere concentrating on manufacturing activities for reducing the impact of pollution is not sufficient. It should be addressed together with supply chain management (SCM), thus contributing to green supply chain management (GSCM) [3] . GSCM is an approach that aims to integrate environmental issues into SCM procedure starting from product design, and continuing through material sourcing and selection, manufacturing processes, the final product delivery and end-of-life management [4] . It includes internal environmental management, green design, green procurement, green manufacturing, green packaging, green marketing, green information systems, investment recovery, customer cooperation, product life cycle assessment, reverse logistics etc. [5, 6] . GSCM promotes efficiency and synergy among business partners and their lead corporations [7] . It may generate a competitive edge for organizations by improving the firm's operational capabilities [8] . Therefore, it is essential for organizations to implement GSCM because of the relative insufficiency of resources and the potential pressure of green barriers.
Performance evaluation indicators (PEIs) are some factors which can be used to reveal the level of the GSCM, there are many PEIs which support GSCM. Wee and Quazi obtained seven critical factors (namely total involvement of employees, green products/process design, top management commitment, training, measurement, information management and supplier management) in their research into environmental management [9] . Walker identified the indicators (internal drivers such as organizational factors, and external drivers such as regulation, customers, competitors, society and suppliers) that drive organizations to implement GSCM [10] . Green proposed that successful GSCM practices such as green purchasing, cooperation with customers, eco-design, and investment recovery will lead to improving environmental and economic performance which would support to improve the operational and organizational performance [11] . Muduli identified twelve behavioral indicators affecting GSCM practices and their interactions help to attain green-enabled needs [12] . Wang develops a conceptual model with four hypotheses to propose moderation and mediation effects of customer relational governance (CRG) on the relationships between two GSCM practices (green innovation and green purchasing) and environmental performance [13] . Although different researchers have used different terminologies to indicate these PEIs, they can be represented by generic themes. In addition, they have also been mentioned in the literature with a mixed extent of emphasis and coverage. This approach helps organizations to identify key PEIs. In our study, we have summarized twenty PEIs (see Table 1 ) which are drive from earlier researcher's literature.
The aim of this study is to help organizations to build awareness of the PEIs, and to select the key PEIs. Senior experts in the field of supply chain have been invited to our laboratory, and they have drawn perfect directed graph between the twenty different performance indicators with six dimensions in green supply chain respectively on the basis of mutual discussion, analysis, evaluation and decision-making. The graph not only reflects the rank and interactional relationship of these PEIs, but also helps us to find out the correlations among the various PEIs. Correlation analysis has been done to understand whether and how strongly the pairs of two PEIs are related to each other. As most methods have a dependency on the determinations of conventional statistics or probability, ignoring the human subjectivity and vagueness in the real world. Hence, integrated fuzzy decision-making trail and evaluation laboratory (DEMATEL) has been proposed and developed to identify the key PEIs. The DEMATEL approach builds and analyzes a structural model involving the causal relationship between PEIs and identifies the cause-effect relationship [13, 14] .
DEMATEL is not only able to demonstrate directed relationships of subsystems, but also to clarify the degree of interactions between subsystems. The DEMATEL method is capable of revealing the relationship between the factors influencing the other factors and thus this method best fits the current problem. Hence, considering the above it is concluded that the DEMATEL method is better fits and offers a systematic approach for this study.
The remainder of this paper is organized as follows. Section 2 summarizes our contribution. Section 3 discusses the methods of key performance indicators selection and the DEMATEL approach. Section 4 presents the selection procedure and results. Concluding remarks, along with the conclusions are given in Section 5. [15, 16] . It is a comprehensive method for building and analyzing a structural model involving the causal relationship between complex factors [17] . DEMATEL is developed on the basis of graph theory, enables analysis and problem solving by visualization method [18] . This method clearly observes the cause-effect relationship of the criteria while solving the problem. It represents a basic concept of contextual relation among the variables/attributes of the system in which the numerical values represent the strength of the influence. DEMATEL can help researchers to better understand the structural relationship between system elements, and find ways to solve complicated system problems [19] . This method helps in the evaluation of problems and to make good verdicts [20] . The DEMATEL method has been successfully applied by several researchers in many areas [13] [14] 21] . Therefore, in this research, PEIs have been analyzed using the DEMATEL approach, which builds and analyze a structural model involving the causal relationship between PEIs and identifies the cause-effect relationship. The structure of DEMATEL and the steps of calculation are described as follows:
Methodology
Step 1: Calculate the average matrix. Developing a matrix of direct relations. Experts generate a direct relation matrix An×n (total number of indicator is n) by making a pair-wise comparisons between criteria. Each element of matrix An×n shown by aij is a number that represents the influence level of indicator i on j. The n×n averaged matrices A for all experts' opinions are calculated by getting averaged scores of H experts as follows where wk is the importance weight of kth expert.
Step2: Calculate the direct influence matrix. The normalized initial direct-relation matrix D is obtained by normalizing the average matrix A in the following method:
Since that the sum of each row j of matrix A represents the direct effects that factor exert on the other factors, max ଵஸ୧ஸ୬ ∑ a ୧୨ ୬ ୨ୀଵ
represents the factor of the highest direct influence on other factors. Likewise, since the sum of each column i of matrix A represents the direct effects received by factor i,
represents the factor which is the most influenced factor by other factors. The positive scalar s is equal to the bigger of two extreme sums. The matrix D is obtained by dividing each element of A by the scalar. Note that each element dij of matrix D is between 0 and 1, and all principal diagonal elements are equal to 0.
Step 3 ) = (I -D)-1, where 0 is the n × n null matrix and I is the n × n identity matrix. The total relation matrix T is an n × n matrix and defined as follows:
In Equation (4), D represents the 'Direct relation matrix' obtained by normalization of initial direct-relation matrix using Equation (3) . And Di = T represents 'Total relation matrix' between each pair of system factors obtained by using the formula of Equation (4).
Step4: Calculate the row sum (ri) and column sum (ci) of the matrix T through Eqs. (5) and (6), respectively.
Let Ri be the sum of the i-th row in matrix T. Thus, Ri shows the total effects, both direct and indirect exerted by the i-th factor on the other factors. Let Cj denote the sum of the j-th column in matrix T. The value Cj shows the total effects, both direct and indirect, received by factor j from the other factors. Thus, the sum (Ri + Ci) gives an index (the position) representing the total effects both given and received by the i-th factor. In other words, (Ri + Ci) shows the degree of importance that the i-th factor plays in the system (total sum of effects given and received). In addition, the difference (Ri -Ci, called the relation) shows the net effect, the i-th factor contributes to the system. When (Ri -Ci) is positive, the i-th factor is a net causer, and when (Ri -Ci) is negative, the i-th factor is a net receiver Liou et al., 2007) .
Step5: Select the key factors. Because of (Ri + Ci) is a horizontal axis vector or 'Prominence' which represents the relative importance of each factor, it can be used to select the top key factors according to their sequence.
Procedure and results

Classification and identification of PEIs in GSCM
The PEIs identified in this study are categorized into six dimensions, namely as strategic, process, customer, social-cultural, legislation, and technical indicators with the help of literature review and expert's opinion from academics and industry (see Table 1 ).The role of strategic indicators is very significant to accomplish the goals of GSCM. It provides a framework for preventive decision-making to appraise performance, to evaluate what might go erroneous, to determine influential factors, and to implement strategies to contract with those influential factors [22, 23] . The social-culture indicators encourage employee involvement and establish common belief and admiration between employees and management to upsurge their responsiveness in innovation and risk-taking [12] . The organizations must consider social-culture indicators to implement GSCM concepts that maximize the value to society while minimizing negative effects. It represents a set of collective connotations and indulgences about the organization and its subjects, goals, and practices to implement GSCM [24] . GSCM implementation requires a larger cooperation among suppliers to achieve the anticipated environmental goals for the processes and products involved [25] . Effective communication between buyer and supplier is an effective tool which provides clear, consistent and frequent assessment about environmental issues with their chain partners [26, 27] . Nowadays legislation, regulations and ISO standards (9000 and 14,000) has become the integral part of the organization's reputation and corporate image [28] . Environmental legislation, laws and regulations are important because the organizations have to operate within these boundaries. Organizational environmental policy for GSCM implementation is essential to dictate the cognizance of environmental subjects between suppliers, customers and staff [29] . Organizations need the appropriate methodology to adopt these legislations so that internal awareness may be improved and external environmental pressures can be minimized [30] . A technology enables organization to have a degree of control in global SCs. Technology is essential for the GSCM implementation [31] . It supports the creation, storage, diffusion and empowers quick search, access and reclamation of information for cooperation and communication amongst organizational members. Effective use of technology requires a certain level of technical expertise and system integration. Technical expertise is series of underlying knowledge and capabilities that are necessary for one to undertake a given assignment with acceptable quality [25] . 
I2 Strategic planning
Calculated and structured planning is needed in the area of GSCM.
I3 Willingness towards investment
Willing to invest in the GSCM will enhance its customer range.
I4
Organizational structure It will help in managing the proper organizational departmentalization and its strategic and planned thinking.
PI Process indicators
I5 Green purchasing
Organizations must confirm that while purchasing any material they must considers environmental objectives set by them.
I6 Green manufacturing
Make sure pollution-free in the whole production procedure.
I7 Green design
To increase the environmental awareness redesign of product and process is must and foremost requirement.
I8 Recycling utilization
It helps to save and use resources effectively.
CI Customer indicators
I9 After-sales services To provide customers with consulting and after-sales tracking service agilely.
I10 Customer value
Develop and analysis potential requirements of customer.
I11 Customer loyalty GSCM helps to improve the customer loyalty.
SCI Social-cultural indicators
I12 Employee empowerment and motivation
Motivating and enhancing employee participation, level and status will automatically help green supply chain adoption.
I13 Environmental education and training
It upsurges skill and permits the employees to perform new responsibilities to environmental issues and aspects.
I14 Green organizational culture
Developing environmental practices and helping organizations employee is the key to understand GSCM.
LI Legislation indicators
I15 Government support policy Corporate image of an organization can be enhanced by following the government policy about environment.
I16 Enforcement
It means that organizations should focus on executing the policies set by them about the GSCM.
I17 Strict supervision
For successful GSCM adoption strict observation is needed.
TI Technical indicators
I18 Technology infrastructure It helps to share information across boundaries of time and space if it is properly used.
I19 Information system
To enable continuous flow of information the integration of system within the organization is essential.
I20 Network security
It provides a real guarantee for the GSCM.
Using DEMATEL method to select the key PEIs
In order to select the key performance indicators of the green supply chain effectively, two group of senior experts (three experts in each group) in the field of supply chain have been invited to our laboratory fortunately, One expert group is consists of practitioners who are engaged in the field of supply chain for many years, the other group is consists of well known academic scholars who come from the discipline of logistics and supply chain of famous universities in China, this measurement can help to avoid expert's subjective bias between perspective of theory and perspective of practice at some extent. According to the selection method of the key performance indicators of green supply chain which is discussed above, on the basis of mutual discussion, analysis, evaluation and decision-making, each expert has drawn a directed graph between the twenty different performance indicators of green supply chain respectively, and then they use a 4 point linguistic rating scale (i.e., 0 = Absolutely low influence, 1 = Low influence, 2 = Medium influence, 3 = Absolutely high influence), indicating the interrelationship and influence of indicators on each other. The completed direct relation matrix for PEIs and performances by expert 1 (from logistics department) is presented in Table 2 . I1 I2 I3 I4 I5 I6 I7 I8 I9 I10 I11 I12 I13 I14 I15 I16 I17 I18 I19 I20   I1  0 0 According to the DEMATEL computation procedure, the normalized initial direct-relation matrix was produced using Equation (2) and (3). The total relation matrix was calculated using Equation (4) which is shown in Table 3 . The (Ri + Ci) and (Ri -Ci) values are computed utilizing Equation (2) and (3) using MATLAB software represented in Table 3 . All the experts who have been invited to our laboratory have analyzed the results, ultimately they have reached a consensus that only 20% of the twenty PEIs (theory is based on the Pareto Law-the law of the vital few and the trivial many.) are the key PEIs which play important roles in GSCM. Combined with the indicators sequence in Table 3 , they have confirmed that the top management commitment and support, green organizational culture, willingness towards investment, government support policy are four most significant PEIs for the success of GSCM, they are the key PEIs which affect the other indicators directly.
Conclusions
Integrating environmental measures into supply chain management has become a significant strategic topic for many organizations. GSCM can be a noteworthy philosophy for organizations to accomplish aims of efficient and cost-effective operation, profitability, market share and to enhance a sustainable competitive advantage. Because of strict regulations and increased community concerns, organizations need to select the key performance evaluation indicators of GSCM.
This study explores the PEIs that influence GSCM implementation based on the literature review and expert opinion from industries and academics, twenty PEIs with six dimensions were indentified which have been used to select the key PEIs of them by using DEMATEL method. Two groups of senior experts in the field of supply chain have been invited to our laboratory to draw a directed graph between the twenty different PEIs of GSCM respectively. Finally, combined with result analysis based on the theory of Pareto Law, we proposed that the top management commitment and support, green organizational culture, willingness towards investment, government support policy are the four key PEIs which affect the other indicators directly. These key findings offer a meaningful base to deepen the understanding for GSCM and also an indication to develop an effective GSCM implementation in a stepwise way. Organizations can enhance economic performance through investing more resources and pay more attention on the key PEIs, base on this, it helps to play an important role in undergoing sustainable development of organizations and improving social, environmental and economic benefits.
Nonetheless, this study is not free from limitations. These limitations set stages for future research. First, this study used only six experts. Future researches may repeat this method using multiple experts to justify the validity of the study. Moreover, this research has explored only twenty PEIs from literature reviews, hence conclusions may not generally suit specific industry. As different sectors might have various products, process characteristics or legislative requirements which affect supply chain environmental performance, future works should conduct research related to different industrial sectors. Presently, a new extension of fuzzy sets known as hesitant fuzzy sets introduced by Torra [32] received significant attention. Hence, PEIs selection under hesitant fuzzy environments may be considered in the future.
